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Genetic variation in response to infection provides a 
powerful tool for analysis of molecular mechanisms in 
disease. In our laboratory we have used both population- 
based and family-based genetic allelic association and 
linkage analyses to study the role of candidate genes in 
disease susceptibility, and in determining response to 
vaccination. Candidate genes have been selected on the 
basis of our knowledge of genes regulating infectious 
diseases in mice, on the identification of genes control- 
ling Mendelian inheritance of susceptibility to atypical 
mycobacterial and salmonella infections in man, and on 
the basis of our knowledge of immune responses to 
infection in mice and man. This has demonstrated roles 
for SLCllAl (formerly NRAMPI), the IL4-IL9 gene 
cluster, the gene IFNGRl encoding the receptor for 
interferon-y, a cluster of chemokine genes on chromo- 
some 17, and genes within the class II and class III 
regions of the MHC in determining susceptibility to 
leprosy, tuberculosis and leishmaniasis, and in regulating 
immune response to mycobacterial and leishmanial 
antigens. 
Genetic and functional characterization of murine 
and human Slcllal/SLCIIAI encoding the natural 
resistance associated macrophage protein has been a 
major focus of our research. The gene encodes a poly- 
topic integral membrane protein with 10 to 12 mem- 
brane spanning domains. Confocal and EM-gold studies 
demonstrate that Nrampl localizes to the late endo- 
somal/lysosomal compartment of macrophages. We have 
used the Xenopus oocyte expression system to demon- 
strate that Nrampl is a H+/Fe2+,Zn2+,Mn2+ antiporter. 
Its action as a divalent cation transporter influences anti- 
gen processing for presentation via class II, endosomal 
fusion, resistance to infection, response to vaccination, 
and susceptibility to rheumatoid and juvenile rheuma- 
toid arthritis. Most recently we examined polymor- 
phisms at SLCllAl in 59 multicase families of visceral 
leishmaniasis (VL) and post Kala-azar dermal leish- 
maniasis (PKDL) from southern Sudan. Using multi- 
point nonparametric analysis (Allegro) we found 
evidence for linkage toVL (p=O.O29),PKDL (p=O.O005) 
and VL+PKDL (p=O.O04), while the extended trans- 
mission disequilibrium test (ETDT) also showed signi- 
ficant haplotype associations for the individual (VL, 
p=O.O05; PKDL, p=O.O5) and combined (VL+PKDL, 
p=O.OOl) phenotypes. Sequence analysis of 35 index 
cases identified 7 new single nucleotide polymorphisms 
(SNPs) across the gene in this population, but none of 
these were likely to be the disease-causing mutation. 
This leaves the GTn repeat in the promoter that our 
laboratory had identified and studied earlier as the 
only verified functional polymorphism in people that is 
influencing disease susceptibility, with two major high 
expressing versus low expressing alleles alternately 
associated with susceptibility associated with high inflam- 
matory response autoimmune (e.g. rheumatoid arthritis 
and juvenlile rheumatoid arthiritis) and infectious 
(meningococcal meningitis and visceral leishmaniasis) 
diseases versus susceptibility to tuberculosis. 
To determine whether ZL4/ZL9 or IFNGRl contribute 
to susceptibility to VL in Sudan, we examined poly- 
morphisms in these genes in the same multicase families 
with/without PKDL. Multipoint nonparametric analysis 
(Allegro) linked ZL4/IL9 to PKDL (p=O.O08) and 
VL+PKDL (p=O.O02).Transmission disequilibrium test- 
ing pinpointed allelic association to an intragenic IL4 
haplotype (p=O.O21 VL; p=O.O12 PKDL; p=O.O005 
VL+PKDL) and extended ZL4-IL9 haplotypes (p=O.O17 
VL; p=O.O13 PKDL; p=O.O007 PKDL+VL), but not to 
IL9 alone. In contrast, ZFNGRl was linked (p=O.O31) 
and associated (p=O.O25) to PKDL but not VL or 
VL+PKDL. Hence, polymorphism in type 2 cytokine 
genes on 5q31-q33 influences underlying susceptibility 
to VL, whereas polymorphism at IFNGRl is specifically 
related to susceptibility to PKDL. 
Microsatellite genome scans on subsets of our large 
multicase pedigrees have also been used to identify 
new regions of the genome carrying putative disease 
susceptibility genes. This has identified regions on 
chromosomes lOq25-q26 (peak LOD=1.31; p=O.O07: 
position 166.02 CM), llq13 (peak LOD=1.84;p=0.0018; 
position 63.49 CM), and 20~12.1 (peak LOD=1.78; 
p=O.O021; position 34.43 CM) in controlling susceptibility 
to tuberculosis in Northern Brazil. The same region of 
chromosome 11 was also identified using genome scans 
as carrying a susceptibility gene(s) for leprosy and 
visceral leishmaniasis in this population. The region of 
chromosome 17 originally targeted as a candidate gene 
region on the basis of mouse studies was also positive on 
genome scans for leprosy and visceral leishmaniasis. 
With the development of high throughput technologies 
for typing SNPs we are fine mapping the genes within 
these regions to identify the real candidates controlling 
disease susceptibility in this population. The potential 
impact of the human genome and genetic diversity 
projects on the analysis of infectious disease suscepti- 
bility is likely to be realised through the establishment 
of large-scale total population surveys and the use of 
automated high throughput technologies. With the 
pathogen sequencing projects running in parallel with 
the human genome project, there is also great potential 
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for the application of whole genome approaches to the 
study of host-parasite interactions. Genetics provides 
powerful new technologies for future application to the 
study of pathogenesis of infectious diseases. 
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CD8 T cells play an important role in protection and 
control of HIV-l. Although HIV-1 infected individuals 
have a high frequency of HIV-l specific CD8 T cells, viral 
reservoirs persist and progressive immunodeficiency 
generally ensues in the absence of continuous potent 
anti-viral drugs. Maturation into competent cytotoxic 
CD45 RA+, CD27-, CD28- effector T lymphocytes is 
apparently blocked in HIV-l infected patients. Thus, 
both the acute and chronic phase of infection is asso- 
ciated with an increase in activated, partially immature 
CD8 T cells of memory phenotype. Circulating CD8 T 
cells in HIV-l infected subjects have an unusually high 
percentage of CD8 T cells containing cytolytic granule 
filled with granzymes A and B, but with low amounts of 
perforin. The combined release of granzyme and 
perforin is needed for induction of cytotoxic activity. 
Perforin is required for the intracellular uptake and 
intranuclear penetration of granzymes A and B where 
these proteins initiate the killing process. A disassoci- 
ation between extensive up-regulation of granzymes A 
and B, but significantly lower perforin induction in HIV 
specific CD8 T cells, is occurring already at acute onset 
of symptomatic primary HIV-l. This has been shown to 
be present through-out the course of the infection. In 
chronic phase, up to 80% of all HIV-specific CD8 T cells 
may express granzyme following in vitro antigen specific 
re-stimulation. However, only 1 to 5% of these cells 
express perforin. In vitro experiments clearly demon- 
strate that cytolytic granule-mediated exocytosis is a 
major killing pathway of HIV-l infected cells.Therefore, 
this in vivo abnormality may have clinical significance. 
Preliminary results indicate that long-term non- 
progressors have a higher incidence of HIV specific 
perforin expressing CD8 T cells as compared to patients 
with progressive disease. Assessments of EBV and CMV 
specific CD8 T cells demonstrate that virtually all effec- 
tor CTL co-express perforin and granzymes in granule. 
Nef has recently been shown to impair perforin 
expression in antigen specific CD8 T cells indicating that 
excessive Nef antigen load may be at least partially 
responsible for immune dysregulation. In addition, lack 
of HIV specific CD4 T cell help and insufficient co- 
stimulatory signalling by dendritic cells may further 
contribute to the immaturity and insufficient perforin 
expression of the CD8 T cells. These findings may have 
implications for immune reconstitution in HIV infected 
patients. 
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Hyper-IgE syndrome (HIES) is a rare autosomal dis- 
order characterized by recurrent infections, typically 
of the lower respiratory system and skin, eczema, 
extremely elevated levels of IgE, eosinophilia, and 
abnormalities of the connective tissue, skeleton, and 
dentition. The majority of patients have facial abnor- 
malities including ocular hypertelorism, a prominent, 
protruding, triangular mandible, and a broad, somewhat 
bulbous nose. Failure of primary dental deciduation, 
leading either to failure of secondary dentition eruption 
or retention of both sets of teeth is common Many 
patients also have abnormalities of bone formation and 
metabolism, which may result in fractures, severe 
scoliosis, kyphosis and short stature, and cranio- 
synostosis. HIES occurs spontaneously in all racial and 
ethnic groups, and in many cases is transmitted as an 
autosomal dominant trait. 
IgE is greatly elevated at some point in the life of 
patients with HIES. A few patients have been observed 
to drop their IgE levels below 2000 IU/ml as they get 
older and yet retain their high susceptibility to infection. 
Autosomal dominant transmission with variable 
penetrance is common. The rate of spontaneous 
occurrence is unknown, but sporadic cases account for 
at least half of those recognized so far. Genetic linkage 
to proximal 4q has been shown, but several families are 
not linked to 4q, suggesting that there are at least 2 
genetically distinct types of autosomal dominant HIES. 
There may also be autosomal recessive forms of HIES. 
Therefore, HIES is likely a complex autosomal disorder 
with both dominant and recessive forms. 
Patients usually present within the first days to months 
of life with severe eczema, mucocutaneous candidiasis, 
and severe diaper rash. Sinus or pulmonary infections, 
predominantly with S. aureus or Hemophilus infiuenzae, 
are common. Post-inflammatory pneumatoceles are often 
noted early in life. Otitis media and externa are common. 
Infections occur less frequently in bone and joints, and 
very infrequently in liver, kidneys, and the gastrointestinal 
tract. Documented sepsis is rare. Deep tissue infections 
are frequently extensions of cutaneous or dental 
infections such as paronychia or apical abscesses. 
Other pathogens that have been recovered include 
Aspergillus species, Pseudomonas aeruginosa, Strepto- 
coccus pneumoniae, group A streptococci, Cryptococcus 
neoformans, and C. albicans. Although several patients 
have survived into adulthood and middle age, there is 
often severe pulmonary destruction. Cerebrovascular 
events (strokes, reversible ischemic neurological deficits, 
